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Soft Matrix Elementsin Non-local Chiral Quark Model

1. Introduction

Exclusive processes serve as important testing grounddgplerturbative and non-perturbative
QCD. Due to factorization theorems pertinent amplitudetoféze into hard parts calculable in per-
turbative QCD and non-perturbative objects parameteayimatrix elements of non-local operators
on the light cone. The simplest objects of this kind are Miation Amplitudes (DA) which cor-
respond to vacuum-to-hadron matrix elements (ME) of quarflwon non-local operators. They
appeare.g. in QCD expressions for hadronic form factors [1, 2]

More general class of such objects is called Transition BAdQ was introduced in [7]. They
parametrize ME of bilocal operator®n-diagonal in momenta and in physical states. Since they
involve momentum transfer, they provide also informatiorttee transverse structure.

In the present note we employ low energy effective modeludysDA's and TDA's. This is,
however, non-trivial since such models in general do nagiitfall symmetries of QCD. This can
cause problems because all low energy amplitudes have segoseveral properties originating
from QCD,e.g. they have to obey Lorentz invariance and Ward identitiesgproduce anomalies.

If we limit hadronic states to the pions only, we can analyafé matrix elements using semi-
bosonized Nambu-Jona-Lasinio model, which incorporapesitaneous chiral symmetry break-
ing resulting in momentum dependent constituent quark vbdg. For present calculations we
choose the form oM (k) proposed in [13]. Due to this momentum dependence WardkEeska
identities are violated. In order to fix this deficiency tharmstard verticeg* and y*ys have to
be replaced by the non-local ones, which however cannot teerdimed uniquely [14, 15]. In the
present calculations we use the "minimal” form of the naralwvertices given for example in [14].

2. Photon Distribution Amplitudes

One of the simplest applications of the non-local NJL model BA's. Although they are
usually defined for hadrons, one can also consider DA's ofptieton, due to its hadronic part.
They appear for example in description of the radiative metaxays [3—6].

Using light cone coordinates defined by two null vectoes (1,0,0,—1) andri= (1,0,0,1),
the general definition of photon DA's can be written as

dA
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wherePH is the momentum of the photoR;" = P-n andu is longitudinal momentum fraction of
a quark in the photon. Dirac matriceés= {o"", y*, y"y} correspond to different tensor nature
of bilocal operators.£; denotes appropriate tensor structure standing in front2ofl of given
dynamical twistr. Fg (PZ) is the relevant momentum dependent decay constant.

Using the model described in the Introduction we calculaealytically (up to numerical
solution of certain algebraic equation) photon DA's of w3 and 4 [6]. Leading twist tensor DA
turns out to be almost flat and does not vanish at the endpdimthe vector and axial channels
the relevant matrix elements possess additional periuebabn-hadronic component which has to
be subtracted. Higher twist DA's are rather strongly modgdahdent and some of them possess
delta-type singularities at the end-points.
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Figure 1: a) Model prediction for VTDA at = —0.1Ge\? (solid) is the sum of the pieces coming from the
local part of the vertex (dashed) and the non-local one €dpttb) Pion-photon transition form factor and
the data. Shaded area corresponds to different choicesd#lrparameters.

3. Transition Distribution Amplitudes

Transition Distribution Amplitudes (TDA) were originaliptroduced in order to describe pro-
cesses like hadron-antihadron annihilation into photahs— y*y or backward virtual Compton
scattering [7]. Amplitudes for these reactions factorizeilarly as forHH — y*, with the restric-
tion that usual DA's for hadrons should be replaced by TDAs.

In practice we deal with two kinds of twist-2 TDA's: vector (¥DA) and axial (ATDA) [7-12].
They can be schematically defined as

/%ém’+ {y(P2,€) |[d(=An) Gu(An)| " (PL)) ~ Ouwist—2 D (X, &.1), (3.1)

wheret =2 = (P, — P), p= 2 (PL+P,) andé = —q*/2p* is so called skewednesB. should
be replaced by or A in vector or axial channels respectivelye(if & = y* or 0 = y" ).

TDA's should satisfy polynomiality condition following dm Lorentz invariance. This con-
straint turns out to be satisfied in our model. NormalizabbW TDA is fixed once for all by axial
anomaly and equal§dXV (X, &,t = 0) = 1/2m, while the normalization of ATDA remains un-
constrained. Using modified vertices we are able to recamgect normalization for VTDA in the
non-local model [12]. As an example we plot VTDA in Fig. la.

Zeroth moments of VTDAs and ATDA's are related to vectey(t) and axialFa(t) form
factors. Model independent prediction figg (0) due to the axial anomaly readby (0) ~ 0.027
which overshoots the experimental value given by PE{S (0) = 0.01740.008. In the case of
axial form factor local modelsi.e. with M (k) = const) predict thaFa (0) = R, (0). However
experimentallyFa (0) is much smaller. Values given by PDG redf™” (0) = 0.0115+0.0005 and
(Fa(0) /Fv (0))exp= 0.770% for the ratio. In our model we get indeed lower valuesFg(0). We
obtainFa(0) = 0.0152+-0.0217 andra (0) /R, (0) = 0.56-- 0.80 depending on model parameters.

There is another very important quantity directly relatedrt, namely pion to photon tran-
sition form factorFry (t) which controlsr® — y*y reactions. It was measured by CELLO, CLEO
and recently by BaBar [16—18]. We compare our predictionik data in Fig. 1b in low momentum
transfer regime where our model should apply.
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